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PREFACE

This report documents the second in a series of Federal Aviation Administration controller
evaluations of en route air traffic control services planned for implementation on the Data Link
system. The report is organized in two volumes.

Volume | contains the main body of the report. It includes a detailed description of the objectives
of the study and of the technical approach and test methods that were used. In addition, the
combined results of the study, conclusions, and recommendations are presented.

Volume Il consists of a set of four appendixes to the report. These appendixes are referenced in
Volume I and include documentation of the controller procedures used to deliver the test services,
aswell as detailed analyses of the data that were collected.
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EXECUTIVE SUMMARY

INTRODUCTION.

The Federal Aviation Administration (FAA) Test Plan for the Mode S Data Link defines a two-
stage process for controller evaluation of candidate air traffic control (ATC) services. In the first
stage, "mini" design studies are being conducted under controlled conditions which smulate only
the essential components of controller tasks associated with the services. The goal of these
studies is to identify service delivery methods which optimize controller acceptance, performance,
and workload. In the second stage, full-scale smulation studies will be performed in order to
verify the safety and efficiency of Data Link within the context of realistic operational scenarios.
This report presents the results of the second FAA controller mini study of en route ATC services
developed for implementation on the Data Link system.

OBJECTIVES.

The general purpose of this mini study was to extend the results obtained in Mini Study 1 and to
evauate the design of two functions which have been added to the initial package of en route
ATC services. The specific objectives of the study were to: (1) define applications and controller
procedures for the added free text and menu text services, (2) evaluate the refined atitude
assignment and transfer of communication services as well as the text services under more
complex test conditions than those employed in Mini Study 1, and (3) provide a preliminary
assessment of the impact of Data Link time delays, system degradation and partial Data Link
equipage of controlled aircraft.

DATA LINK OPERATION.

Data Link functions were integrated with the Host Computer System (HCS), operational
software, and the Computer Display Channel (CDC) displays. Capabilities of the simulation
system included radar data processing, tracking, and flight data inputs. Operational Data Link
functions and procedures were integrated with current operational procedures and computer
functions. Data base updates followed atitude clearances; handoffs between sectors included
radio frequency assignments; and altimeter settings were automatically uplinked.

As dictated by the results of Mini Study 1, the Data Link transaction list display was located on
the Plan View Display (PVvD), the dtitude assgnment service was automatically uplinked
following a data base update, and transfer of communication uplinks were manually controlled in
order to dissociate this service from transfer of control. In all cases, the receipt of a downlinked
pilot "WILCQO" response automatically deleted associated list entries.

The two text services were developed as general Data Link functions applicable to a broad range
of clearance and advisory messages. For this study, menu text permitted the controller to create a
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predetermined list of commonly used ATC messages from which a desired clearance could be
selected and uplinked at any time. Free text gave the controller an option to compose and uplink
amessage in real-time. Text messages were limited to 20 characters.

APPROACH.

Nine full-performance leve air traffic controllers from Dallas/Fort Worth (D/FW) participated as
subjects and observers in a series of ATC scenarios presented at the workstations in the FAA
Technical Center Data Link test bed. The basic test scenario employed fixes and boundaries from
the Universal Data Set (UDS) adaptation to create two routes carrying air traffic between two
airports. Each route traversed two low altitude departure/arrival sectors adjacent to the airports,
and two high altitude sectors located between the low altitude sectors. A total of 24 aircraft
traveled through each sector during a 30 minute test run. Variations on the basic scenario were
developed to reduce learning effects, and to test the impact of partial Data Link equipage. These
variations included the introduction of conflicting overflight traffic, an increase in air traffic
density, and a reduction from 100 percent to 20 percent Data Link equipage of the aircraft in the
test scenario.

The scenarios were used in a series of test runs designed to review and critique the text service
designs and to evaluate the impact of making different combinations of the Data Link services
available to controllers. Additional variables tested included the duration for display of
confirmatory messages from the pilot, the impact of Data Link system failuresin 10 percent of the
attempted uplinks, and mixed Data Link equipage in the aircraft fleet. Both projective and actua
workload ratings were taken after selected test runs using the Subjective Workload Assessment
Technique (SWAT). Preference/acceptability judgments aso were solicited from the controllers
for each of the Data Link services as implemented for this study. Additional data collection which
occurred during debriefing sessions included structured discussions to elaborate on the results
obtained in the laboratory, and the completion of a wrap-up questionnaire designed to assess the
adequacy of the test scenarios and the operational value of the tested services.

PRIMARY RESULTS.

General controller opinions continued to provide strong positive support for the initial package of
en route Data Link services. working with more redlistic air traffic control problems than those
presented in Mini Study 1, the subject controllers concurred that the implementation of
appropriately configured versions of the four services will significantly reduce voice frequency
congestion while increasing system capacity, safety and efficiency. Although these projections
will require confirmation in operational evauation research using more complex scenarios and
greater air traffic densities, rated workload was unaffected in this study by the substitution of Data
Link procedures form current voice procedures. Furthermore, controller workload was not
significantly affected by Data Link delays attributable to antenna rotation lag, a 10 percent rate of
uplink failures, or a test environment in which only a fraction of the aircraft were Data Link
equipped.
X



The conclusions of Mini Study 1 were upheld by the present results. The subjects continued to
prefer the use of centralized PVD displays of Data Link transaction status, the use of Data Link
without redundant voice communication, the necessity for downlinked pilot confirmation, and the
use of automatic uplinks, where feasible, to minimize data entries. However, the current test
conditions also presented situations which led the controllers to suggest several refinements to the
services. In particular, subjects indicated that transfer of communication must be modified so that
uplink authority transfers with the assignment of a new radio frequency, and that altitude
assignment should permit the controller to selectively inhibit uplinks. Results for the text services
showed that the controllers preferred to use menu text for control clearances and that it must,
therefore, be designed to permit automatic system updates when needed. Free text was preferred
as a back up for radio failures and as a method for transmitting advisories and other non-control

messages.

Two issues which emerged during Mini Study 1 surfaced under the present testing conditions.
The first of these is a requirement to develop Full Data Block (FDB) displays for Data Link
transactions in order to reduce the display scanning demands of monitoring Data Link
transactions. The second is the need to develop a method for permitting flexible control uplinks,
NAS updates and FDB updates. This was due to the fact that ATC practices in different en route
centers require that it be possible to selectively control these events for each transaction.

RECOMMENDATIONS.

Based on the results outlined above, several modifications to the design of the four tested services
are recommended prior to full-scale, operational evaluation research. Briefly, a high priority
should be assigned to the development of FDB displays of key transaction states for Data Link
services. These displays should be easily interpretable and should supplement the transaction
status list. Equally high priority should be devoted to the development of flexible control over the
destinations of keyboard and trackball data entries for control clearances delivered by Data Link.

In addition, it is recommended that provision be made for linking menu text services to the
remainder of the ATC system so that control clearance menu text uplinks can selectively update
NAS, the FDB, or both. Transfer of communication and atitude assgnment aso should be
modified in accordance with the present results in order to make these services compatible with
the full range of ATC procedures employed in current field environments.

Findly, in order to identify any remaining limitations in the modified service designs, it is
recommended that emphasis be given to the development of more complex ATC scenarios for the
operational evauation, and that this research re-examine the potential impact of Data Link
failures, transmission delays and partial equipage environments.
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| NTRODUCTI ON

The analysis reported here discusses the commentary offered in
group discussion sessions with the participating Ar Traffic
Control Specialists (ATCS's) and in witten responses to a
rel ated set of discussion guide forns that were handed out prior
to the sessions.

Nine of the ten ATCS's who participated in Mni Study 1 also
participated in Mni Study 2. The team was conprised of highly
experienced (average of 15.7 vyears), full performance | evel
controllers fromthe Fort Wrth Center (eight ATCS s) and Dall as
Fort Worth Term nal (one ATC). As in Mni Study 1, eight of the
nine ATCS's operated the control positions in the test bed and
one acted as a roving observer during the tests.

Quantitative ratings of workload inpact and preferred service
designs were taken during the tests as the controllers operated a
traffic scenario using different mxes of voice and Data Link
conmmuni cati ons. The study's debriefing protocol sanpl ed
gqualitative coments and opinion data on the Data Link services
three tines.

The first debriefing discussion focused exclusively on the
di splays, inputs, and procedures associated with the two new
services that were introduced in the test bed sinulation for Mni

Study 2: nmenu and freetext. This discussion followed a test bed
exercise of the nenu and free text service in a sinplified
traffic scenario. The second discussion addressed operationa

i ssues associated wth four initial servi ces: al titude
assi gnnent, transfer of comunication (TOC), nmenu text, and free
t ext. This discussion followed a series of test bed exercises
which integrated the services with a nore conplex traffic
scenario, nore realistic system response tinmes for Data Link
transactions, and randomy occurring failures in Data Link
message delivery. The third discussion focused on presentation
of Data Link equipage and transaction status information in the
full data block. This discussion reviewed and solicited feedback
on the display concepts that will be incorporated inthe test bed
in future controller evaluation

Results from all three data collection sessions were first
exam ned together to identify generic thenes and principles
contained in the comments and to draw conparisons wth the
results obtained in Mni Study 1. Next, the results from each of
t he di scussion sessions were reviewed separately. The foll ow ng
is an analysis of the Mni Study 2 group discussions and
debriefing data.



GENERAL PRI NClI PLES FOR DATA LI NK COVMUNI CATI ON

An analysis of controller coments from Mni Study 1 established a
tentative set of basic operational and design principles for Data
Li nk communi cat i on. This discussion uses those principles as a
springboard for an account of the Mni Study 2 commentary.
CGenerally, the thenes and opi nions expressed by the controllers in
Mni Study 2 can be interpreted as evidence that substantiates and
caveats the previously established principles. However, sonme new
principles also enmerged fromthe Mni Study 2 di scussi ons.

A MESSAGE NOTT ACKNOALEDGED IS A MESSAGE NOT SENT.

Consistent with the established operating procedures for radio
t el ephone communi cation, it was recommended in Mni Study 1 that a
pilot response should be required to conplete a Data Link
transaction. Wile the Mni Study 2 coments continued to support
the requirenent for a pilot acknow edgnment of Data Link
communi cations, the controller's role in ensuring receipt of that
acknow edgnent becane an area of controversy taken up in the
di scussi ons.

Al though a final verdict was not reached on this issue, the process
of thinking it through identified another interlocking issue to be
considered in the choices. Since the argunents on both sides of
the issue have sonmething inportant to offer in reaching a final
judgnent, it was noted in the discussions that an increnental
transition strategy may be the nechanism for neshing the nerits of
both perspectives. Initially, the controller would retain full
responsibility for nonitoring the Data Link communication process.
As controllers (and pilots) gain confidence and experience with the
new capabilities and procedures, nmore of the conmunication
managenent tasks could be delegated to the ground conputer (and the
avionics) (see reference 1).

USE RADI O TELEPHONE AS THE PRI MARY COVMUNI CATION MODE TO RELAY
TIME-CRITI CAL MESSAGES AND TO RESOLVE EXCEPTIONS TO DATA LINK
COVMUNI CATI ON.

In Mni Study 1, the consensus anong the controllers was that voice
t he communi cation offered an operational advantage for delivery of
all time-critical control instructions. Voice was also seen as the
preferred node for handling situations where a controller fails to
receive tinmely acknow edgnent of a Data Link instruction.

Controller discussion in Mni Study 2 generally reinforced the sanme
delimtation of functions and priorities for the Radio Tel ephone
and Data Link comruni cati on nodes. However, the witten responses
suggest a preference for the Data Link node. Evi dence from M ni
Study 2 suggests that full Data Link comunication may inpose a
heavy visual nonitoring load on the controller. Using a m xed node
approach to handle exceptions and conpensate for transm ssion



delays nmay help distribute sonme of the added visual nonitoring
| oad.
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DI SPLAY DATA LI NK TRANSACTI ON STATUS IN THE FULL DATA BLOCK ( FDB)

Silent Data Link comunication between controllers and pilots
warrants feedback on the progress of each transaction. To mnim ze
the display scanning required to track the status of a transaction,
it was recommended in Mni Study 1 that status indicators be
encoded in the FDB. The abbreviated FDB display of Data Link
transaction status would be supplenented by a list display that
| ogs all sector transactions.

The Mni Study 2 comentary provided anple evidence supporting

this principle. It was nentioned in all of the group discussions
and reported as a desired test bed enhancenent on discussion guide
forms. In fact, the Mni Study 2 test bed experience wth an

increased traffic sanple and a corresponding |onger Data Link
status |ist appeared to further consolidate controller opinion and
reinforce the requirement for a display of Data Link transaction
status that is better integrated with the traffic situation display
and, therefore, easier to nonitor. As things stand, data bl ock
di spl ays appear to be the nost prom sing approach for condensing
and integrating the additional visual display information inherent
in Data Link conmuni cati on.

PROVI DE PROACTI VE MANAGEMENT OF DATA LI NK TRANSACTI ONS BUT M NI M ZE
CONTROLLER | NPUTS.

Just as the controller uses a set of controls to manage the voice
communi cations system a conparable set of capabilities nust be
devised to assist the controller in (1) sending, (2) generating,
and (3) receiving Data Link comrunications. Aggregating coments
over the two studies yielded sone specific capabilities needed to
assist the controller and al so achieve the desired bal ance between
positive control over Data Link transactions and m ni mal keyboard
entries.

1. To effectively mnage sending of Data Link nessages,
controllers in Mni Study 1 requested the flexibility to select and
deselect an automatic nessage uplink by position, service, or
nmessage. In addition to providing for a default selection, the
controllers also suggested an override feature to handle
exceptions. Because only partial progress toward inplenentation of
t hese capabilities was realized in Mni Study 2 (different defaults
were inplenented for each of the services, but they were not
controller-selectable). A requirenent for these sane capabilities
was reiterated in the Mni Study 2 discussions.

2. To mnimze controller inputs for nessage generation, it was
recoomended that existing Ar Traffic Control (ATC) system
information be nade available for Data Link nessages. Use of

current controller inputs for related ATC functions and information



derived from automatic system events (sector boundary crossing)
were two initial assunptions nmade for Data Link nessage generation.
In Mni Study 1, the controllers extended this |ogic by

A-3
recommendi ng inplenentation of a nenu text service, which is
actually a nmessage generation aid rather than a true Data Link
service. In Mni Study 2, the discussions on nenu text continued
to develop the sane principle. It was recommended that tenplates
be used to preformat nenu nessages and reduce the controller-
entered portion of the nessage.

3. To mnimze Data Link inputs related to receipt of Data Link
message, automatic clearing of status displays for conpleted
(WLCCed) transactions was also recommended in Mni Study 1. I n
Mni Study 2, the controllers began to discuss the prospect of
del egati ng nmessage recei pt tasking to the conputer and capabilities
for automatic transfer of Data Link information to update other ATC
subsyst ens.

COUPLE RESPONSIBILITY FOR RADIO TELEPHONE COVMMUNI CATION W TH
RESPONSI BI LI TY FOR DATA LI NK COVMUNI CATI ON.

To enhance operational effectiveness and sinplify the exchange of
information when transferring responsibility for ai r-ground
communi cation from sector to sector, the procedure should direct
that conpletion of the transfer of comunication exchange should
al so authorize Data Link comunication. Inclusion of the "/ K’
override suffix would be required for uplink of a Data Link nessage
by any other sector controller.

AVO D CONTROLLER REENTRY OF COWPLETED DATA LINK TRANSACTIONS TO
UPDATE THE OTHER ATC SYSTEM

As was nentioned earlier, the Mni Study 2 discussions enphasized
the operational need to transfer data from a Data Link display to
update ot her ATC displays (data blocks) and the National Airspace
System (NAS) data base. The nost common thene in the Mni Study 2
di scussions had to do with incorporation of NAS nessage types in
the nmenu build sequence to allow automatic processing of updates
associated with conpleted nenu text Data Link transactions.

Future eval uations should take up the nessage sending side of the
issue. So far, with the exception of the en route mninmm safe
altitude service, only controller initiated Data Link transactions
have been examned. Pilot initiated transactions and maneuver
advi sories generated by ATC automation functions constitute other
potential inputs to Data Link mnmessage sending and generation
functi ons.

CRI TI QUE OF MENU AND FREE TEXT SERVI CES



To a large extent, the principles of Data Link conmunication

presented in the preceding section establish a general franmework

for understanding the detailed data on the individual services.

This section is devoted to an extended analysis of the two services

introduced in Mni Study 2: menu text and free text. The text

services fromMni Study 2 constitute controller aids for Data
A-4

TABLE A-1. DATA LINK M NI

STUDY 2 DI SCUSSI ON OF MENU AND FREE TEXT

Witten Responses to Discussion Guide Form

MENU

TEXT

1. Do you feel that menu text provides usefu
controller capability?

_9_ very useful __ sonewhat useful __not usefu
2. Can you think of any way to redefine the
service that would make it nore useful ?

- Add NAS nessage types

- Add FDB update

- Highlight selected entry:nenu & status lists

- Autonmatic uplink of routine instruction

- Do not link data |ink comunication responsibility with
handof f

- Provide fill-in phrases for menu test
3. Wuld you be able to use the test displays
inputs, and procedures in an operationa
envi ronment ?

4 Yes No
5 Yes, with reservations
Monitoring list is distracting
Message content field does not identify
nmessage
Elimnate “sent”, “delivered” statuses

4. How |l ogical was the flow of information

between the pilot and the controller in

relation to the tasks you perforned?
Somewhat

9 Logical illogica

111 ogica

5. Was the terninol ogy and phraseol ogy

presented in the test displays understandabl e?
8 Al ways: Need to standardize

abbrevi ati ons
1 Sonetines:

- 6 character abbreviations
difficult to interpret
Never

6. Was the content of the display information
conpl et e?

4 Conplete 3
content field not
nessage

1 Too much informtion

I nconmpl ete - Message
large enough to identify

- too nmany statuses

7. Was the content of the displayed information
appropri ate?

8 Appropriate:
__1_Inappropriate:

- Except msg content field
-Msg content field too snall
8. Were the inputs required to build a menu nsg
suitabl e for an operational environnent?

8 Yes

1 Yes, Wth reservations: - Current keyboard
doesn’t contain correct symbol keys

No, Because

9. Were the inputs required to uplink a menu
msg suitable for an operational environment?

7 Yes

2 Yes, with reservations: -Should have FDB
di spl ay and NAS updates w th nenu nessage

No No, Because

10. During the test session, did you encounter
any situations where there was a potential for
m sconmuni cati on?

3 No

2 Yes, Describe the situation & what you did

- Accidentally selected wong menu item and
had probl ens verifying selection from message
content display in status list.

- Since data link eligibility was linked to
handoff NOTTOC, it was inpossible to send
message after handoff but this is essential
11. During the test session, did you find a
need for voice conmunication

6 No - But voice would be needed in heavy
traffic which demands i nmedi ate response

3 Yes - Clarification of data |ink conm
| ssue speed change after handof f

I nm nent situations
- Vectors, speed control, nultiple

al titude changes

12.  In your opinion how would the availability
of nenu text affect current procedures?

- Woul d reduce radi o congestion and of f
| oad routine messages (5)
- Woul d reduce controller workload (3)




Write in comments

TABLE A-1. DATA LINK M N STUDY 2 DI SCUSSI ON OF MENU AND FREE TEXT
(Conti nued)
Witten Responses to Discussion Guide Form
FREE TEXT
13. Do you feel that free text provides a 17. Was the nessage size adequate for use in an
useful controller capability? operational environment?

1 Sonewhat useful:

Need ability to store
free text

14. Can you think of any way to redefine free

text that would make it nore useful ?
Expand nessage size (4)

- Store non-control information for
upl i nk based on boundary crossing
I evel and destination

- Provide storage and retrieval of free text
- Allow uplink of route anendnment

15. During the test session, how did you use
free text?

- Wk-icing, chop
Non-control information

- Hold instructions

- Speed, headi ng changes
Interimaltitude

8 \Very useful
Not usef ul

automati c
flight

16. Would you be able to use the test displays
inputs, and procedures in an operationa
envi ronment ?

5 Yes
4 Yes,

Wth reservations
Need nore characters

Need sigmet service
No, Because

3 Yes
3 Yes,

Wth reservations

Larger size would be better
3 No, Message size should be increased to

Unlimted
- 200 + characters

18. What do you feel would be the best way to
present a free text downlink to the controller?
D-CRD with alert on the R-side
Free text downlink should not be received
by the controller
R- CRD

19. In your opinion how would the availability
of data link as a back-up affect current (No-
Comm) procedures:

- Could mnimze/elimnate “No-Conm
procedures (5)

Hel ps in comm failure; but very usefu
where pilot is on wong frequency

Data link is a wel cone back-up

- Could save tinme in descent phase by hel ping
to detect comm problemearly







Li nk nmessage generation. For this reason, the text services can be
considered part of a larger class of Data Link conmunication
managenent functions, and nuch of the commentary concerned nerging
comuni cations wth the surrounding ATC system functi ons.

VENU TEXT

Not surprisingly, there was unaninous agreenent anong the
controllers that nenu text provides a very wuseful Data Link
capability (see table A-1). Nonetheless, there were also sone
negative reactions to the service as currently defined and
i npl enent ed. The two nost comon critical themes in the
di scussion data on nenu text had to do with integrating Data Link
menu transactions with ATC display and data base updates and
display of nenu nessage content information in the Data Link
status I|ist.

FREE TEXT.

Oiginally conceived as a back-up for radio tel ephone
communi cation failures, the free text service was designed to
allow the controller to conpose and uplink "free fornmf nessages.
In the test bed inplenentation of the free text service, these
messages were not preserved for later retrieval. Mor eover, the
initial inplementation restricted nessage sizeto 20 characters.

Most of the controllers felt that free text would provide a
useful Data Link capability (see table A-l1). At the sane tine,
nost felt that nmessage size woul d have to be expanded.

Free text was difficult to evaluate in a test environnment. By
definition, it 1is not expected to be wused frequently, thus
representative ATC situations are difficult to include in a test
scenari o. Furthernore, except for an initial exchange to advise
the controller and pilot of the radio tel ephone failure, it would
seem that from the controller's perspective npbst subsequent
communi cations could be acconplished by using other Data Link
servi ces.

When asked how the availability of Data Link as a back-up
communi cation | ink woul d affect procedures, nost controllers felt
that there would be a significant benefit. For the rare
situation where an equi pped aircraft experiences a radio failure,
Data Link would elimnate the need for “no-commi procedures.
Procedures that apparently are not well understood by controllers
or pilots.

For the nore typical situation where the aircraft is actually
tuned to the wong frequency, a Data Link conmunication system
could indicate which sector | ast assunmed conmuni cati on
responsibility for the flight.
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DATA LI NK SERVI CE DEFI NI TI ONS

This part of the evaluation followed a series of |aboratory
exercises designed to assess cunulative inpact of Data Link
services and inpacts of system response tine and reliability on
ATC operati ons.

DATA LI NK FUNCTI ONALI TY.

Overall, <controller assessnents of the initial services were
favorable. The summary interpretation of the discussion data is
that, taken together, the services provide sufficient Data Link
communi cation capability to accomopdate the en route situations.

Wth one exception, there was general agreenent that all of the
services were appropriate applications for Data Link (see table
A-2). As an exception, one of the controllers remarked that the
free text service would not be suitable for delivery of contro
instructions, primarily owng to the lack of any input error
checki ng.

DI SPLAYS, | NPUTS. AND PROCEDURES.

A majority of the controllers felt that the test bed displays,
inputs, and procedures would be wusable in an operational

environment provided that sone nodifications were mnade. The
nmost common problens cited were those previously discussed in
the critique of nenu text: the lack of NAS updates for nenu

messages and the ambiguity in the nessage content field due to
the current procedure used for list display generation (display
of first six characters). Sonme of the controller remarks here
also dealt wth display clutter caused by presentation of
internmedi ate transaction status indications.

Reactions were mxed on the difficulty of nonitoring the status
of Data Link transactions. The extra visual task |oad
associated with a silent comunication process, the added
di splay scanning required by a (spatially) separate transaction
status |ist display, and conpetition between the primary traffic
situation nonitoring and Data Link |list nonitoring were noted.

DELAYS AND DELI VERY FAI LURES.

Regarding two critical issues sinulated in the Mni Study,
transm ssi on del ays and nessage delivery failures, the avail abl e
evi dence suggests that neither delays nor failures present



i nsur nount abl e obst acl es to achi evi ng an operational ly
accept abl e Data Link commruni cation capability.

CGenerally, the controllers felt that the delays associated with
a Data Link transaction would have a mnor effect or no effect
on their current work nethods. However, only a portion of the
expected systemresponse tinme for a Data Link transaction was
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TABLE A-2. DEBRI EFI NG DI SCUSSI ON OF SERVI CE DEFI NI TI ONS AND
PROCEDURES

Witten Responses to D scussion Guide Forns

FUNCTIONALITY

1. Based on the tasks you were able to perform
do any of t he service appear to be
i nappropri ate?

8

No 1 Free text: 3. Based on your test experience wth al
Not appropriate for control | services, are the proposed limts on eligible
instructions, no error checking is possible menu messages accept abl e?
2. Did you use free text during the test 8 Acceptabl e:
session? - Assuming that menu text is nodified to

No 8 Yes, used free text to: i ncl ude NAS nessage types

- Handl e | ost conmuni cation

- Headi ng, speed changes

- Hol di ng instructions

- Chop information

- Traffic advisories

- Expedite rate of descent
(1) No response e

(1) No response

DISPLAYS, INPUTS AND PROCEDURES

4. Wuld you be able to use the test displays, | 6. Was the term nol ogy and phraseol ogy
i nput s, and procedures in an operational | presented in the test displays understandabl e?
envi ronment ?







sinmul ated, the transm ssion
rotation. The pil ot
time was not
tended to respond immediately to
reference 2) reports pilot
seconds. In the discussion
comment ed t hat

del ay
response tinme conponent
represented realistically.

response tines averagi ng about

associated wth antenna
of system response
The simulation pilots
an uplink: other research (see
10
of controllers

del ays, sone

Data Link comrunication would Iikely encourage a

nore anticipatory approach to ATC, which is entirely consistent

in the controller

FAA  Orders 7110.65 and 7220.2 (see references 3 and

wth the positive ATC philosophy espoused
handbooks,
4) .
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TABLE A- 2.

DEBRI EFI NG DI SCUSSI ON OF SERVI CE DEFI NI TI ONS AND

PROCEDURES

Witten Responses to D scussion Guide Forns

FUNCTIONALITY

1. Based on the tasks you were able to perform,
do any of the service appear to be
inappropriate?

8 No 1 Free text:

- Not appropriate for control instructions,
no error check is possible

2. Did you use free text during the test
session?
No 8 VYes, Used free text to:

- Handle lost communication
- Heading, speed changes

- Holding instructions

- Chop information

- Traffic advisories

- Expedite rate of descent
(1) No response

3. Based on your test experience with all
services, are the proposed limits on eligible
menu messages acceptable?

8 Acceptable:
- Assuming that menu text is modified to
include NAS message types

(1) No response

DISPLAYS, INPUTS AND PROCEDURES
4. Would you be able to use the test displays,
inputs, and procedures in an operational | 6. Was the terminology and phraseology
environment? presented in the test display understandable?
2 Yes

6 Yes, With reservations:
Message content field should present value
of altitude or speed assignment
- Menu text should generate FDB and data base
updates

Monitoring list will be unmanageable in
heavy traffic
Streamline list: No “sent” or “delivered”

status
No, Because

(1) No response

6 Always

3 Sometimes:

- Truncation of message content made it
difficult to identify message

- Free text should use standard abbreviations

7. During the test, did the services operate as




5. When all services were operating, how easy | expected?
was it to monitor the status of data link
transactions? 9 Yes
No
5 Easy:
Because of low traffic count
- Visual scan was increased
4 Somewhat difficult:
- Too much scanning
- Add FDB displays
Very difficult
Write in comments
A-9

TABLE A-2.

DEBRI EFI NG DI SCUSSI ON OF SERVI CE DEFI NI TI ONS AND

PROCEDURES ( Cont i nued)

Witten Responses to D scussion Guide Forns

DELAYS AND DELIVERY FAILURES

8. Did delays associated with a data
transaction affect your work methods?
3 No effect
6 Yes, Minor effect: Yes, Major effect
Data link will encourage more anticipation
to allow adequate lead time
Major effect likely with more traffic
9. Did the message delivery failures affect
your work methods?

link

7 No
In fact “NAK” was quicker than “WILCO”
response

2 Yes, Minor effect

Had to repeat same message
Yes, Major effect

10. How did you handle
failures during test?
2 Use radio to deliver the message
4 Resent the data link message
3 Sometimes used radio; sometimes resent
data message
Depends on promptness of reply needed
from pilot

message delivery

MISCOMMUNICAT 10N

ROLE OF VOICE COMMUNICATION

11. During the test, did you encounter any
situations where there was a potential FNC
miscommunication?

4 No
4 Yes, Describe the situation and what you
did:

List update caused uplink of incorrect
entry - push-up moved trackball selection

(1) No response

12. During the test, did you find a need for
voice communication?

4  No

3 Yes, Describe the role of voice

communication
Used voice to communicate after handoff

Used voice for message not included in data
link services

Used voice for data link delivery failures

Used voice to confirm instructions when data
link response was too slow

(2) No response




ADDITIONAL CAPABILITIES TWO-PERSON SECTOR OPERATION

13. In terms of managing the data link delays 14_. What do you fell is the appropriate role of
and transactions, are there any other the D-controller in data link communication?
capabilities that would make data link more
useful? . Act as a second R controller -- 1 handles
- Display data link status in FDB (3) voice, 1 handles data link
- Data Link and radio communication should be - Assist the R controller -- D handles free
transferred at the same time text, non-control information, and evaluates
- Too many different statuses to be monitored downlinks, D handles data link exceptions

- Expand free text message size
- Downlink of position and intent information

Write in comments
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Surprisingly, nost of the controllers also felt that nessage
delivery failures had no effect or only a mnor effect on their
wor kK et hods. In fact, one comented that the response tine
associated with a failure status display was quicker than that
associated with a WLCO, so that even when it was necessary to
reissue the instruction, mniml delay was added to the total
(uplink/downlink) transaction tine.

M SCOVMUNI CATI ON.

When asked about the potential for mscomrunication with Data
Li nk, reactions were m xed. Anong those who felt that they there
was potential for msconmunication, perhaps the nost serious
problem cited had to do with trackball selection of status |ist
entries for uplink. It was reported that automatic |ist updates,
whi ch nove the entries up or down, could cause the controller to
i nadvertently select and uplink the wong nessage. Wiile this is
an intractable problem associated with any form of dynamc |ist,
better feedback on the selected entry (highlighting) may help.
Better feedback on nessage sel ection may al so hel p renedy anot her
m sconmuni cati on problem that was cited, entry of an incorrect
menu nessage identifier. If the selected nenu item was
highlighted in the list after the identifier was entered, the
additional feedback mght help the controller detect the error
bef ore upli nk.




ROLE OF VO CE COVMUNI CATI ON.

Voi ce was al so used to handl e Data Link nmessage delivery failures
and to confirm Data Link transactions when the Data Link
acknow edgnent was determ ned by the controller to be too slow

ADDI TI ONAL CAPABI LI TI ES.

It is sufficient to state that the controllers felt that
i npl enentation of an FDB display would aneliorate much of the
added workl oad of nonitoring Data Link transaction status. O her
recommendations included test bed refinenents to couple radio
tel ephone and Data Link comunication responsibility and to
suppress the display of normal status indications in the Data
Link list.

TWO- PERSON SECTOR OPERATI ONS

The final topic taken up in the debriefing was the role of the

Data (D) controller in Data Link comrunication. The comments
generally describe two sorts of roles: a radar controller
assistant and a co-controller role. The radar assistant role

closely resenbles today's breakdown of responsibilities. The D
position essentially has a redundant set of Data Link
capabilities but the D controller perfornms support functions --
list nonitoring, relay of non-control information -- or primry
functions at the Rcontroller's request, follows-up on Data Link
exceptions. The co-controller role was characterized nore as a
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second R-controller who handled either Data Link or radio
t el ephone conmunication in addition to the duties now perfornmed
by the handoff controller when that position is staffed.

DATA BLOCK DI SPLAYS

This final section reviews the latest thinking on data block
di splays as reported in the group discussion of proposed display
concepts. Two kinds of information displays were discussed: Data
Li nk equi page and Data Link transactions status. The anal ysis
exam nes each in turn.

DATA LI NK EQUI PAGE

I nfformati on on Data Link equipage will appear in the flight strip
and the FDB. The flight strip information is filed with the
flight plan to indicate the active avionics for the flight; the
data bl ock display is based on the flight strip information. Air-
ground comuni cation keeps the information current.

The controllers recommended that Data Link equipage be
incorporated into the aircraft type portion of the aircraft data
field. The proposal for the FDB display was to add a prefix to
the call sign. This display will be updated when the information



in the aircraft type field is updated. Mre discussion and
analysis wll be needed to determne whether another, nore
dynam c display indication of channel availability is needed to
present feedback from automatic nonitoring of the comunication
net wor k.

DATA LI NK TRANSACTI ON STATUS.

The precise nunber of transaction states indicators remain an
open issue. As an upper |imt, five status indicators renain
under consideration: (1) HELD (awaiting manual uplink), (2) SENT
(uplinked), (3) DELIVERED (technical acknow edge), (4) WLCO
(affirmative pilot reply), and (5) FAILED (no technica

acknow edgnent, UNABLE pilot reply, or nessage tinmed out with no
pilot reply). How many of these get displayed depends on where
the line between controller and conputer responsibility is drawn.

In one sense, the issue of statuses cannot be resolved until a
transition strategy is defined. As of now, this has not occurred.
The logic of the FAA Data Link program foresees an increnenta
process of increasing conputer responsibility for comunication
functions. How soon each succeeding automation step is taken
depends partly on the priorities decided upon by the people who
wi |l be assum ng responsibility for the nonautonmated procedures.

I gnoring the controversy about the proper set of statuses for
now, the opinions on data block displays tended to be positive
and the potential workload benefits of the FDB display approach
were viewed as highly significant.
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There were sone suggestions and criticisns regarding the proposed
di splay synbol ogy and | ogic. In terns of synbology, it was
suggested that brightness coding be enployed. The reasoni ng was
that it would take less nental effort to detect, interpret, and
make a decision about a transaction if status changes were
depi cted as changes in display brightness.
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| NTRODUCTI ON

Data collection activities for this study were divided into two
maj or parts. In Part One, the subjects were introduced to
candi date versions of the Free Text and Menu Text services during
informal simulation runs using the basic ATC scenario wthout
overflights. The primary goal of these informal runs was to
provide a basis for an initial controller review and critique of
the services. A secondary objective of Part One was to identify
an appropriate duration for the display of confirmatory pilot
responses to Data Link nessages. Accordi ngly, each controller
conpleted a test run wth an imediate deletion of the
transaction display after the pilot WLCO was received, and a
second run in which the WLQ0 response display persisted for 12
seconds after the response was received.

Part Two of the study consisted of five formal data collection
runs designed to assess the effects of the nunber and type of
Data Link services available to the controller, and the inpact of
failed technical acknow edgnents and partial equipage. In these
runs, nore conplex versions of the test scenario were used which
i ncluded conflicting overflights and, in one case, increased en
route traffic.

The primary criteria for evaluating the effects of display
persistence in Part One and the inpact of all variables in Part
Two were controller ratings of workload and preference provided
after the conpletion of selected sinulation runs.

WORKLOAD MEASURES.

Control |l er workl oad was assessed in this study using two versions
of a subjective rating nethod known as the Subjective Wrkload
Assessnent Techni que (SWAT). SWAT was developed in the early
1980's by U S. Ar Force researchers in order to provide a
standard rating nethod which results in quantitative, interva

| evel estimtes of operator workload in sinulation and
operational testing situations. In its original form SWAT is
used by subjects to make judgnments about the |evel of workload
directly experienced during the perfornmance of an operational

t ask. A second version of SWAT, known as the Projective
Subj ective Workl oad Assessnment Technique (PROSWAT), is used by
experienced operators to nake projective estimates of the
wor kl oad that woul d be produced in an operational situation under
a specific set of test conditions. Thus, SWAT ratings represent
the workload actually produced in a test session, while PROSWAT
ratings permt the subject to extend his judgnents to the full

set of operational conditions with which he is famliar.



Both SWAT and PROSWAT ratings were used in Part Two of the
present Mni Study to address different sets of experinental
gquesti ons. SWAT ratings were solicited after each test run in
order to assess the difficulty of the controller tasks presented
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in the simulation. Conparisons of the ratings in the different
conditions were designed to determne the inpact on subject
wor kl oad of the follow ng conditions:

1. The availability of tw Data Link services (Altitude
Assi gnnment and Transfer of Conmmunication) versus four services
(Al'titude Assignnent, Transfer of Communication, Free Text, and
Menu Text).

2. Introducing 10 percent failed technical acknow edgnents
(NAK's) to uplinks initiated by the controllers.

3. Reducing the nunber of aircraft equi pped with Data Link.

PROSWAT ratings were obtained after two of the test runs in order
to derive projected estimtes of the workload that would be
experienced by controllers when providing each of the four Data
Link services under operational conditions. The purpose of the
PROSWAT ratings was to obtain expert evaluations of the workl oad
i npact of each of the service inplenmentations, independent of the
sinmul ation scenarios used in this study.

SWAT and PROSWAT utilize the sane rating scale which requires
subjects to judge workload as a conbination of ratings on three,
3-point scales representing the dinensions of tinme |oad, nenta
effort |oad and psychol ogi cal stress. The SWAT/ PROSWAT scale is
shown in figure B-I.

In order to generate quantitative data using this scale, subjects
provide information on how tine, effort, and stress conbine to
produce their individual concept of nental workload. This scale
devel opnent exercise 1is acconplished prior to actual data
collection by asking subjects to sort a set of 27 cards on which
are printed all possible conbinations of the descriptors on the
tinme, effort, and stress scales. Subjects sort the cards to
produce an ordering that represents situations ranging from | ow
to high workl oad. The sorts are subjected to conputerized
conj oi nt anal ysis which determ nes the conbinatory rul e governing
the sort. An iterative routine is then used to generate an
interval scale value for each of the 27 conbinations that fits
the conbinatory rule and preserves the original ordering. The
result of this process is a look-up table for each subject or
subj ect group that converts the discrete tine, effort, and stress
ratings to the unitary scale.



Wen the rating scales are wused during data collection, the
subjects nake workload ratings of the test conditions by
assigning a value of 1 (low) to 3 (high) on the tine, effort, and
stress scal es. These ratings are then interpreted as a single
value on the overall quantitative workload scale found in the
| ook-up table.
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Card sort data for the SWAT scal e devel opnent in this study were
derived from the sorts obtained from the subjects in the first
Mni Study. Prior to the start of data collection, subjects were
refamliarized with the SWAT technique during a briefing. They
were also provided with printed instructions for the use of the
scal e. These instructions, which also contain exanples of the
actual SWAT and PROSWAT rating fornms used in the study, are
presented in a separate section at the end of this appendi x.

1. TIME LOAD
1. OFTEN SPARE TIME. [INTERRUPTIONS, OR OVERLAP AMONG
ACTIVITIES OCCUR INFREQUENTLY OR NOT AT ALL.

2. OCCASIONALLY HAVE SPARE TIME. INTERRUPTIONS, OR OVER
LAP AMONG ACTIVITIES OCCUR FREQUENTLY.

3. ALMOST NEVER HAVE SPARE TIME. [INTERRUPTIONS OR OVER
LAP AMONG ACTIVITIES ARE VERY FREQUENT OR OCCUR ALL
THE TIME.

11. MENTAL EFFORT LOAD
1. VERY LITTLE CONSCIOUS MENTAL EFFORT OR CONCENTRATION
REQUIRED. ACTIVITY 1S ALMOST AUTOMATIC. REQUIRING
LITTLE OR NO ATTENTION.

2. MODERATE CONSCIOUS MENTAL EFFORT OR CONCENTRATION
REQUIRED. COMPLEXITY OF ACTIVITY IS MODERATELY HIGH
DUE TO UNCERTAINTY, UNPREDICTABILITY, OR
UNFAMILIARITY. CONSIDERABLE ATTENTION 1S REQUIRED.

3. EXTENSIVE MENTAL EFFORT AND CONCENTRATION ARE
NECESSARY. VERY COMPLEX ACTIVITY REQUIRING TOTAL
ATTENTION.

111. PSYCHOLOGICAL STRESS LOAD
1. LITTLE CONFUSION, RISK, FRUSTRATION, OR ANXIETY AND
CAN EASILY BE ACCOMMODATED.

2. MODERATE STRESS DUE TO CONFUSION, FRUSTRATION, OR



ANXTETY NOTICEABLY ADDS TO WORKLOAD. SIGNIFICANT
COMPENSATION IS REQUIRED TO MAINTAIN ADEQUATE
PERFORMANCE .

3. HIGH TO VERY INTENSE STRESS IS DUE TO CONFUSION,

FRUSTRATION, OR ANXIETY. HIGH TO EXTREME
DETERMINATION AND SELF-CONTROL REQUIRED.

FI GURE B-1. SWAT/ PROSWAT SCALE
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PREFERENCE MEASURES.

Ratings of controller preferences were used in this study to
assess the perceived |level of acceptance for specific service
i npl enentations and for the persistence of the WLCO di spl ay once
a Data Link transaction had been conpleted. The preference scale
requi red subjects to judge each service inplenentation or WLCO
persistence tinme in terns of its effect on system safety and
ef ficiency. These test conditions could be judged either as
accept abl e or unaccept abl e. | f judged acceptable, the condition
was rated on a 7-point scale ranging from "highly preferred" to
"acceptable, but not preferred.™ I nstructions for use of this
scal e and an exanple of therating formare included in the final
section of this appendi x.

DATA COLLECTI ON SUWVARY

Table B-1 presents the data collection plan for each of the test
conditions in the experinental design. The left colum of the
table lists each neasurenment instrunment that was enpl oyed. A key
to the nunbered test conditions is presented bel ow the table.

| NTROCDUCTI ON TO THE CONTROLLER WORKLOAD AND PREFERENCE RATI NG SCALES
(SUBJECT | NSTRUCTI ONS) .

BACKGROUND. As you know, the goal of this study is to obtain
expert opinions from air traffic controllers about the nost
appropriate ways in which to inplenment ATC services using Data
Link. When we start our sinmulations in the Data Link test bed you

will be controlling air traffic in a series of scenarios. I n
order to evaluate the Data Link service designs, we will ask you
to provide ratings after each test run. The purpose of this

docunent is to refamliarize you wwth the scales that you wll be
using to make the ratings, and to describe the ways in which we
Wl use them



PREFERENCE. Al t hough we will be asking you for a wide variety of
comments during this study, our primary quantitative data wll be
derived fromyour ratings on the scales nenti oned above. Because
the rating data wll form the basis for a nunber of Data Link
decisions, it is extrenely inportant that we all agree on what we
mean by each type of rating scale.

The first scale that you will conplete after two of the test runs
i s the PREFERENCE/ ACCEPTABI LITY scale. The formthat will be used
for this scale is shown in figure B-2.

Note that the form actually requires you to nake two deci sions.

First, for each of the services you wll need to decide whether
the inplenmentation under test is acceptable or wunacceptable.
Second, if you have decided that it is acceptable, you will need

to assign it a value on the 7-point scale that indicates the
extent to which you prefer it. Thus, you would assign the service
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i npl enentation a value of "1" if you found it to be both
acceptable and highly preferable. If it were acceptable but not
hi ghly preferred, you would assign it a higher nunber according
to the extent to which it is |ess preferable. However, if the
i npl emrentati on were conpl etely unacceptable, you would not assign
it any of the nunbers, and instead mark the COWPLETELY
UNACCEPTABLE bl ank on the form

I n maki ng your decisions about acceptability and preference, your
prime consideration should be the inpact of a service
inplementation on the SAFETY and EFFICIENCY of controller
performance. Once you have nmade your ratings, please renmenber to
use the comments section to briefly explain the reasons for your
ratings.

TABLE B-1. DATA COLLECTI ON PLAN
Test Case/ Run
Metric 1 2 3 4 5 6
Overal |l SWAT - X X X X X
PROSWAT
Al't Ass. - -
Trans Com - -

Menu Text - - -
Free Text - - -

X X
X X!

PREFERENCE
Al't Ass. - - X - - -



Trans Com - - X -
Menu Text - - - X - -
Free Text - - - X

W LCO Per si st ence X - - - - -

Key to Test Conditions

Part One, Informal Testing (WLCO persistence conditions).

Basel ine, Current System (no Data Link).

Al titude Assignnent and Transfer of Communi cation Data Link
Services Only.

Al titude Assignnent, Transfer of Communi cation, Menu Text,
and Free Text Data Services (all services).

All Services, 10 Percent Failed Technical Acknow edgnent on
Upl i nk.

Al Services, 10 Percent Failed Technical Acknow edgnent and
Partial Data Link Equi page on Controlled Aircraft.

o g k~ e

SUBJECT SERIES | [/ 1|1

SECTOR ACTI VE /| PASSI VE

TEST OPTI ON

Rate the display / procedural test option that you have
j ust exam ned according to how acceptable it would be to
controllers involved in each of the three services. In
rating the acceptability of this option, you should consider
the way in which it would affect the SAFETY and EFFI Cl ENCY
of the controller’s perfornmnce.

Place an “X’ next to the nunber which best describes
the acceptability of this option for each service. |If
this option is conpletely unacceptable, plan an “X’ in
the box. Use the space below the scales to briefly
expl ain your ratings.

HIGHLY MODERATELY ACCEPTABLE
PREFERRED PREFERRED BUT NOT

PREFERRED
1 2 3 4 5 6 7

ALT
CONF



é

TRAN

COwW é
é
COVPLETELY
UNACCEPTABLE
COVMENTS:

FI GURE B-2. PREFERENCE/ ACCEPTABI LI TY SCALE



WORKLOAD. The second type of judgnent that we will be asking for

after the test runs will be one or two workload ratings. The
scale that we will be using for the workload ratings is known as
Subj ective Wrkl oad Assessnent Technique (SWAT). In Mni Study 1
we used the projective version of SWAT (PROSWAT). In this study

we wll be using PROSWAT and SWAT to rate both projected workl oad
and the workload that you actually experienced during a
simulation run

The sane rating scale is used for SWAT and PROSWAT. Workl oad on
this scale is defined in terms of a conbination of three
di fferent dinensions that contribute to the subjective feeling of
“workl oad hard." A workload rating in SWAT is acconplished by
selecting a 1, 2, or 3, on EACH of the three scales representing
the dinmensions of TIME LOAD, MENTAL EFFORT, and PSYCHOLOG CAL
STRESS LOAD.

Each of these dinmensions and their |evels are descri bed bel ow

TI ME LOAD. Tinme load refers to the fraction of the total tinme
that you are busy. When Tine Load is low, sufficient tine is
available to conplete all of your nmental work with sone tine to
spare. As Tinme Load increases, spare tinme drops out and sone
aspects of performance overlap and interrupt one another. Thi s
overlap and interruption can conme from performng nore than one
task or from different aspects of performng the sane task. At
high levels of Tine Load, several aspects of performance often
occur simultaneously, you are busy, and interruptions are very
frequent.

Time Load may be rated on the 3-point scal e bel ow

1. Oten have spare tine. Interruptions or overlap anong
activities occur infrequently or not at all.

2. (Qccasionally have spare tinme. Interruptions or overlap anpbng
activities occur frequently.

3. Al nost never have spare tinme. Interruptions or overlap anong
activities are very frequent, or occur all the tine.

MENTAL EFFORT LOAD. As descri bed above, Tine Load refers to the
anount of time one has available to perform a task or tasks. In
contrast, Mental Effort Load is an index of the anmount of attention
or ment al effort required by a task regardless of the number of
tasks to be perfornmed or any tinme limtations. When Mental Effort
Load is low, the concentration and attention required by a task is
mnimal and performance is nearly automatic. As the demand for
mental effort increases due to task conplexity of the anount of
i nformati on which nust be dealt with in order to perform adequately,
the degree of concentration and attention required increases. Hi gh




Mental Effort Load demands total attention or concentration due to
task conplexity or the anpunt of information that nust be processed.

B-7
Mental Effort Load may be rated using the 3-point scal e bel ow

1. Very little <conscious nental effort or concentration
required. Activity is alnost automatic, requiring little or no
attention.

2. Moder ate conscious nental effort or concentration required
Complexity and activity is noderately high due to uncertainty,

unpredictability, or unfamliarity. Consi derable attention
required.
3. Extensive nental effort and concentration are necessary.

Very conplex activity requiring total attention.

PSYCHOLOG CAL STRESS LOAD. Psychol ogi cal Stress Load refers to
the contribution to total workload of any conditions that produce
anxiety, frustration, or confusion while performng a task or
t asks. At low levels of stress, one feels relatively rel axed.
As stress anxiety, or frustration increase and (greater
concentration and determ nation are required to maintain control
of the situation

Psychol ogical Stress Load may be rated on the 3-point scale
bel ow

1. Little confusion, risk, frustration, or anxiety exists and
can be easily accommobdat ed.

2. Moderate stress due to confusion, frustration, or anxiety
noticeably adds to workload. Significant conpensation is
requi red to nmai ntain adequat e perfornance.

3. Hgh to very Ilow intense stress due to confusion
frustration, or anxiety. H gh to extrene determ nation and self-
control required.

Each of the three dinensions just described contribute to
wor kl oad during performance of a task or a group of tasks. Note
that although all three factors may be correl ated, they need not
be. For exanple, one can have many tasks to performin the tine
available (high Tine Load), but the tasks may require little

concentration (low Mental Effort). Likew se, one can be anxious
and frustrated (high Stress Load) and have plenty of spare tine
between relatively sinple tasks. Since the three dinensions

contributing to workload are not necessarily correl ated, please
treat each di mensi on i ndi vidually and gi ve i ndependent



assessnments of Tine Load, Mental Effort Load, and Psychol ogi ca
Stress Load.

As noted earlier, we will be using the scale described above to
make bot h SWAT and PROSWAT ratings. W wll ask you to give us a
SWAT rating after each sinulation run. The purpose of this
rating will be to estimate the actual overall workload that you
B-8

experienced while controlling air traffic in the test scenario.
Thus, your SWAT ratings will be based on specific |evels of TIME,
EFFORT, and STRESS load that you directly encountered while
conpleting all of your ATC tasks. By collecting these ratings we
will be able to conpare the workload of the baseline/current
system run with those experienced as different nunbers of Data
Li nk services are introduced.

W will also ask for PROSWAT ratings after two of the test runs.
The PROSWAT ratings wll refer to the specific Data Link services
introduced during the test run (altitude assignnment and transfer
of comrunication in case 2 and nenu text/free text in case 3).
In these situations we would like you to projectively rate the
wor kl oad that you woul d experience during a noderately busy shift
of work wusing the specific service inplenentation presented
during the test run. The purpose of these separate PROSWAT
ratings will be to assess the way in which each set of service
procedures inpacts controller workl oad.

Renenber, try to keep these two workload ratings as independent

as possible. In the case of SWAT ratings, we want you to nake a
wor kl oad judgnment with respect to the overall actual |oading that
you experienced while performing in the test scenario. For

PROSWAT ratings, we want you to evaluate the projected inpact of
specific service inplenentations on controller workload during a
normal wor k day.

Sanpl es of the overall SWAT and PROSWAT rating fornms are shown in
figures B-3 and B-4.

CARD SCORTS. Because each of you has already done a SWAT card
sort, you wll not be required to conplete the scal e devel opnent
process a second tine. If you would like to review the sort that
you submtted during the |last study, please see Dr. Shingl edecker
before we begin the test runs.

RESULTS

SWAT/ PROSWAT SCALE DEVELCOPMENT.

As noted above, the eight controllers who served as subjects in
this study had previously conpleted the card sorting task during



the first Mni Study. However, since one of the subjects acted
only as an observer in the first study, his sort data were not
included in the original scale devel opnment conputations. As a
consequence, new SWAT scal es were conputed for the present study.

Conmputer analysis of the card sorts revealed only noderate
agreenent anong card orderings (W 73). In SWAT, such a result
makes it wundesirable to use a single scale solution for all
subjects in a sanple. Therefore, the SWAT prototypi ng al gorithns
were enployed to identify subgroups of subjects who produced
simlar card sorts. This algorithmclassified three subject
B-9

sorts in the time prototype, one in the effort prototype, and
four in the stress prototype. Cassification within a prototype
group indicates that the subject weighed the associated factor
nore strongly than the others when performng the sort.

Anal ysis of the agreenent anong subjects within the subgroups
contai ning greater than one case showed that both were acceptable
(time, W 90; stress, W 88). Therefore, separate scaling
solutions were conputed for the three prototypes using the SWAT
conjoi nt measurenent and scaling prograns. The resulting tables
relating time, effort and stress ratings to interval scal e val ues
were used to score SWAT and PROSWAT ratings of individual
subjects classified in those groups. Table B-2 presents the card
orderings for each subject along wth the mappi ng of scal e val ues
assigned to the prototype groups.

SUBJECT ----- - m o i e e i e e e oo e oo -
SECTOR ------ccmmmmmec e ee e
TEST CASE

Rate the workload that you actually experienced while controlling air
traffic during this test run by placing an “X” below one of the numbers
on the TIME, EFFORT and STRESS scales.

TIMELOAD = —---eo ae-oe e
MENTAL EFFORT -------  ----- oo .-
STRESS = ceeeeee e aeeaa



COMMENTS:

FI GURE B-3. OVERALL SWAT WORKLOAD
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SUBJECT -----c-mmmmme e e e ce e e e e
SECTOR - ----- s e e e e e e oo - -
TEST CASE

Rate the workload associated with the services you have just examined by
considering how they would affect the difficulty of your job during a
moderately busy work day. With this in mind, rate the projected

workload for each service by placing an “X” below one of the numbers

on the TIME, EFFORT, and STRESS scales.

REMEMBER, these are projected workload ratings of each  service
as implemented for this study. Workload is not necessarily related to your
preferences or the suitability of a service for use in ATC operations.

ALTITUDE ASSIGNMENT/CONFIRMATION

TIMELOAD  =-=--=-- =@--cec--  aeaaoa-
MENTAL EFFORT ----- = ====--= oo aa--

STRESS = =-=-=--=- oo -  aeeaa-

TRANSFER OF COMMUNICATION

TIMELOAD  =-=--=-- 2o -ce--  oaaoa -
MENTAL EFFORT ----- = ====--= oo aa--

STRESS = =-=-=--=- e -oao-  aeeaa-

FI GURE B-4. PROSWAT WORKLOAD PRQJECTED
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TABLE B-2. PROSWAT CARD SORTS AND PROTOTYPE SCALE VALUES

Card Subject Time Subject Effort Subject Stress
Sort Proto Sort Proto. Sort Proto.
Scale 8 Scale Scale
E S 1 2 3 4 5 6 7
1 1 1 1 1- 0.0 1- 0.0 1 1 1 1- 0.0
1 2 2 2 2- 8.7 2 - 38 11 8 7 2- 29.5
1 1 11 3 5- 234 3 - 77 21 17 16 5- 54.7
2 1 5 4 2- 11.3 10 - 34.6 4 3 5 6- 13.5
2 2 7 6 10- 19.9 11 - 385 13 14 14 14- 43.0
2 3 8 7 11- 34.6 12 - 423 23 22 18 15- 68.2
3 1 6 5 6- 21.7 19 - 69.2 8 5 6 7- 23.3
3 2 9 8 12- 304 20 - 731 16 16 17 16- 52.8
3 3 14 9 22- 45.1 21 - 769 24 25 20 17- 78.0
1 1 3 10 3- 23.7 4 - 11.5 2 2 2 3- 10.9
1 2 4 11 9- 324 5 - 154 10 9 12 4- 40.5
1 1 16 14 14- 47.1 6 - 191 20 18 13 12- 65.6
2 1 12 12 7- 35.0 13 - 46.2 5 4 3 8- 24.4
2 2 15 15 13- 43.7 14 - 500 14 10 15 21- 54.0
2 3 19 16 23- 58.4 15 - 538 18 23 26 24- 79.1
3 1 13 13 8- 455 22 - 80.8 6 12 8 19- 34.2
3 2 10 17 21- 54.1 23 - 846 15 20 24 20- 63.7
3 3 25 18 25- 68.8 24 - 885 26 26 21 25- 88.9
1 1 20 19 15- 54.9 7 - 23.1 3 6 4 10- 22.0
1 2 21 20 18- 63.6 8 - 269 12 11 11  9- 51.6
1 3 22 21 20- 78.3 9 - 308 22 19 25 23- 76.7
2 1 17 22 16- 66.1 16 - 57.7 7 7 10 13- 35.5
2 2 24 23 19- 74.8 17 - 615 19 15 22 18- 65.1
2 3 23 24 26- 89.5 18 - 654 25 24 23 26- 90.2
3 1 18 25 17- 76.6 25 - 92.3 9 13 9 11- 45.3
3 2 26 26 24- 85.3 26 - 96.2 17 21 19 22- 74.9
3 3 21 27 27- 100.0 27 - 1000 27 27 27 27- 0.0



The statistical analyses on workl oad data which are presented in
the follow ng sections were perfornmed on SWAT and PROSWAT scores
transfornmed from the ordinal ratings using the prototype scaling
solution identified for each subject. |In each case, one to three
ratings on the three dinensions were interpreted by referring to
t he appropriate subgroup scal e which ranged from O (Il ow workl oad)
to 100 (high workl oad). Raw score results of all workload and
preference neasurenents obtained taken during this study are
presented in table B-3.

PREFERENCE RATI NGS OF W LCO PERSI STENCE TI MES.

A secondary objective of Part One of this Mni Study was to
identify an appropriate duration for the display of confirmatory
pil ot responses to Data Link nessages. The results of the first
Mni Study indicated that itens on the Data Link transaction |i st
di splay should be autonmatically deleted upon receipt of a pilot
W LCO downl i nk. However, the results did not indicate whether
the display should be deleted immediately upon receipt of the
response, or should remain available for inspection for a brief
period of tine. In order to address this issue, the nenu text
and free text exercises in Part One were conducted with both O-
and 12-second WLCO display persistence tines. All controllers
conpleted a preference/acceptability scale for each of the
condi ti ons.

Conparison of preference ratings for the two persistence tinmes yielded
equi vocal results. The nmedian preference rating for the imedi ate disple
deletion was 3.5 on the 1 (highly preferred) to 7 (acceptabl e but not
preferred) scale. The nedian rating for the 12-second persistence was
4.5. The apparent difference was not statistically significant (T=14,
p=.58). Exam nation of individual ratings showed that four of the

subj ects rated the O-second delay nore preferable, while the remaining
four subjects rated the 12-second del ay nore preferable.

Goup discussions held with the subject controllers at the
conclusion of Part One of the Mni Study indicated that two
conflicting factors were responsible for the split ratings.
Those subjects preferring the inmmediate deletion of transaction
data felt that long persistence tines would increase display
clutter and make the process of nonitoring ongoing transactions
more difficult. Conversely, the subjects preferring the 12-
second persistence indicated that imediate renpoval of a
transaction line could cause confusion if the controller is not
monitoring the display at the point in time when the WLCO is
recei ved.

Since neither option was rated unacceptable by any of the
controllers and both explanations had apparent nerit, it was
decided that Part Two testing would be conducted wth a
conprom se, 6-second display persistence tinme. Final group
di scussions which followed Part Two testing indicated that this



option provided an acceptable alternative which mnimzed the

probl ens associated with the original persistence tines.
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TABLE B-3. RAW WORKLOAD AND PREFERENCE DATA
SWAT
Condi ti on
1 2 3 4 5
Subj ect 1 0 11.3 45. 5 11.3 74. 8
2 54, 11.3 11.3 11.3 11.3
3 35. 54. 1 35.0 35.0 19.9
4 0 0 0 0 0
5 0 13.5 0 13.5 10.9
6 0 0 0 0 35.5
7 0 0 24. 4 24. 4 24. 4
8 0 0 50.0 50.0 34.6
PROSWAT
A TOC MT ET
Subj ect 1 11.3 11.3 85. 3 30. 1*
2 19.9 0 11.3 54.9
3 54.1 11.3 11.3 43.7
4 0 0 0 0
5 63. 7 0 54.0 22.0
6 54.0 0 0 24. 4
7 0 0 54.0 65.1
8 38.5 0 50.0 0
PREFERENCE
W LCO' 0" W LCO" 12" AA TOC MI FT
Subj ect 1 2 6 2 2 2 3
2 5 2 2 2 1 4
3 6 1 2 2 1 2
4 1 7 3.7*1. 7*1 1
5 3 6 6 2 2 4
6 4 3 u 1 4 4
7 1 7 2 1 2 2
8 6 2 4 2 4 3

* Esti mat ed
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WORKLOAD AND DATA LI NK USAGE DURI NG THE FORMAL TEST RUNS

As described previously in this appendix, Part Two testing
consisted of five formal data collection runs for each subject
during which various subjective and objective neasurenents were
t aken. Unlike the first Mni Study, in which only mniml air
traffic was sinmulated for evaluating basic Data Link display and
procedural design options, this study utilized a nore conplex
scenari o which presented the subjects with an actual ATC problem
One goal of this simulation was to examne the way in which
controller workload, Data Link usage, and voice comunications
woul d vary under different testing conditions within the scenario.

Figure B-5 presents the nean SWAT workl oad scores obtained for

each of the five test runs. As noted earlier, these scores
reflect the actual workl oad experienced by the subjects during the
test runs. An overall analysis of variance perfornmed on these

scores revealed no significant differences in perceived workload
anong the test conditions (F=1.04, df 4,28, p=.4). This result
indicates that, for the test scenario used in this study, neither
of the nomnal Data Link conditions (2 and 3 in figure B-5)
produced a significant increase in workload over the current
system wi thout Data Link. In addition, no adverse effects on
wor kl oad were detected for the Data Link conditions which
contai ned technical acknow edgnent failures and m xed equi page (4
and 5 in figure B-5).

Al t hough none of the tested conditions produced significant
differences in workload, inspection of figure B-5 suggests a trend
for workload to increase in the conditions in which all four
services were available in conparison to the baseline conditions
and the condition in which only altitude assignnent transfer of
communi cation Data Link services were avail able. A possible
explanation for this trend can be derived fromthe record of Data
Link transactions in each of the test conditions presented in
figure B-6. This figure shows the mean nunmber of uplinks per
controller for each of the services across the test conditions.
The final condition in which the nunber of controlled aircraft was
increased is not shown since the increased nunber of ATC
instructions required, and partial equipage, nade this condition
i nconparable with the other test runs.

As shown in figure B-6, usage of the transfer of comrunication
service was relatively consistent across the test conditions.
However, the altitude assignnent service usage dropped an average
of 39 percent fromthe two service conditions to the conditions in
which the text services were avail able. This result was
attributable to the fact that when nenu text was available to the
subjects, they enployed it to make a nunber of repetitive altitude
assi gnnment s. Wiile this capability normally would reduce
controller workload, in the service inplenentations prepared for
this study a nmenu text uplink did not update the NAS data base.



Hence, the controllers were required to nake additional data
entries under these conditions to conply with requirements to
B- 15

50
4 |
1: Basdline
2: Initial Services Only (AAand TOC)
S 3: Initial Services with Text Services
W 4: Initial Services with Text Services -
A D [ 10%Faied Technical Acknowledgement
T 5: Condition 4 with Partial Equipage/
Increased Traffic
S
C
O o |
R
E
| I I
0
1 2 3 4 5
TEST CONDITION
Aorkioad actually experienced in test

FI GURE B-5. SWAT WORKLQAD*



30

N 25
(@)

20
D
E

L 15
|
Vv

E 10
R
E

D 5

0

FI GURE B- 6.

B- 16

2: Initial Services Only (AA and TOC)

3: Initial Services With Text Services

4: Initial Services With Text Services -
10% Failed Technical Acknowledgement

2 3 4
TEST CONDITION

BAA BETOC BFT @MT

DATA LI NK SERVI CES DELI VERED:

B-17

SECTOR AVERAGES



maintain the currency of the data base and to maintain the
accuracy of the assigned altitude data in the Full Data Bl ock
di spl ay.

This additional activity is likely to have produced an increase in
rated workl oad for sonme subjects in the conditions where the nenu
text service was available, and probably accounts for the
apparent, but nonsignificant, trend in the data.

PROSWAT AND PREFERENCE RATI NGS OF SERVI CE | MPLEMENTATI ONS.

One of the major objectives of the formal data collection runs in
Part Two of this study was to obtain an evaluation of the
specific procedural inplenentations of each of the services
included in the initial Data Link package. In the case of the
text services, this study presented the first opportunity to
gather controller estimates of acceptability, preference and
potential workload inpact in the ATC system Wile the altitude
assignnment and transfer of comrunication services had been
reviewed in the first Mni Study, this study provided an
opportunity to evaluate refined versions of the services under
nmore realistic sinmulation conditions than those used in Mn

Study 1.

Mean PROSWAT ratings for each of the four services are shown in
figure B-7. As noted previously in this appendix, PROSWAT
ratings indicate the estimated inpact on workload in actual ATC
operations of each of the services as inplenented for this study.

Statistical conparisons of the PROSWAT scores assigned to each
service indicated that the transfer of conmunication service
woul d have a smaller effect on task loading than the altitude
assignnment service (t(7)=2.98, p=.d), nmenu text (t(7)=2.82,
p=.02) or free text (t(7)=3.29, p=.01).

Figure B-8 presents the nedian preference/acceptability ratings
assigned to each of the services. As the figure shows, all of
the service inplementations received relatively high preference
scores. Only one subject assigned an unacceptable rating to any
of the services (altitude assignnent). Statistical conparisons
anong the four services also indicated that the altitude
assignment service was significantly less preferred than the
transfer of comunication service inplenmentation or the text
services (T=0, p=.01). No other statistically significant
differences in controller preference were detected.

The findings that the text services and the altitude assignnent
service received higher projected workload scores than transfer
of communi cation, and that the altitude assignnent service was
|l ess preferred than the other services may be attributable to
several factors noted in the controller comments that were



elicited on the rating forns. Based on the results of the first
M ni Study, transfer of communication was inplenented in a manual
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uplink version for this study, while altitude assignnment was
i npl emented as an automatic uplink. Controll er experiences in
the present study revealed that the automatic uplink would be
i nappropriate in situations where interim altitude assignnents
were required. This result reinforced comments received during
Mni Study 1 which suggested that a nethod is needed to permt
controllers to direct altitude inputs to the NAS only, to the
aircraft only, or to both the NAS and the pilot. An additiona
factor which nay have reduced preference and increased projected
wor kl oad for the altitude assignnent service was the difficulty

encountered in nonitoring the Data Link transaction |ist. As
suggested during the first Mni Study, controller coments
continued to indicate that a Full Data Block display of

transacti on status woul d reduce the workl oad of this service.

Workl oad and preference factors noted in controller coments
regarding the text servi ces included the inability to
automatically update the NAS conputer with a nmenu text uplink

The subjects who commented on this problemindicated that if text
services are to be used for positive control instructions, the
option should be available to transmt the data to the ATC system
automatically without further keyboard inputs.
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DESCRI PTI ON

A Wap-Up Questionnaire was given to the Fort Wrth Center
controllers during the debriefing on Thursday, Septenber 30, 1988. A
copy of the questionnaire is contained herein. This report documents
the statistical treatment and results.

The questionnaire was conprised mainly of 7-level rating scales and
free narrative conment questions. The nunerical values and verbal
| abel s attached to the 7-1evel rating scale questions were:

Very Good

Good

Slightly Good

Fair (center scale)
Slightly Poor

Poor

Very Poor

PNWhOOON
(IO O | | I | I A I B

These values were wused for the conmputation of the rating scale
statistical results. Narrative comrents for all questions were
conpi l ed and attached herein. Also, a frequency count of controllers
maki ng simlar statenents is attached.

RATI NG SCALE ANALYSI S

Table C |1 shows the resulting descriptive and inferential statistics
for the 28 itens rated using the 7-level rating scale. Means and
variation about the nmeans were conputed for each of the itens. A
grand nmean across subjects and itens was conputed for the entire
guestionnaire. Student's t scores were conputed for the deviation of
the means from center scale (4) and fromthe grand nean. |In table C
| the itens are presented in magnitude order of t score. A 5-percent
confidence interval about each item nmean was al so conputed. Notes at
the bottom of the table give a brief explanation of the neaning of
t he tabl e headi ngs.

Conmparing the t score to the center scale value of 4 indicates
whether that nmean rating is significantly above or below it.
Conparing the t score of an itemto the grand nean indicates whether
that item nean is significantly above or below the nean of all
scores, which from table C1 was conmputed to be 5.45 (between

slightly good and good). The grand nean thus falls approximately in
the mddle of the group of itenms neans. Ranking of the t scores
relative to each other, such as in table C1, nmakes conparison

easier. These ranks are given in the results bel ow
RATI NG SCALE DATA RESULTS

The following results, wusing a 95 percent probability criterion
(p=.05) for significance, were obtained for the rating scale
guesti ons. The grand neans was significantly higher than center
scale, indicating a positive response toward Data Link concepts in
general . O the 28 itens rated, 21 were rated good (significantly



hi gher than fair), 7 were rated fair (did not differ significantly
fromfair), and none were rated poor significantly

C1



TABLE C-1. ANALYSI S OF HUVAN FACTORS QUESTI ONNAI RE DATA FOR DATA LINK M NI STUDY 2
CONDUCTED 9/ 25- 30/ 88

1 2 3 4 5 6 7 8 9 N MEAN t.05 VAR Sdn-1 SE RANGE .05 tcs tagm Scm Sgm QUESTIONNAIRE
ITEM
7 7 7 7 6 7 6 7 6 9 6.67 2.31 0.22 0.50 0.17 6.28 7.05 16.00 7.28 0.05 0.05 12f. Effect on pilot-controll
communication
7 6 6 7 7 7 6 6 7 9 6.56 2.31 0.25 0.53 0.18 6.15 6.96 14 .55 6.27 0.05 0.05 9c. Menu Text
7 6 6 7 6 7 6 6 7 9 6.44 2.31 0.25 0.53 0.18 6.04 6.85 13.91 5.64 0.05 0.05 7f. Using PVD for menu text
7 6 7 6 6 7 6 7 6 9 6.44 2.31 0.25 0.53 0.18 6.04 6.85 13.91 5.64 0.05 0.05 9b. Transfer of control
7 6 6 7 6 7 6 7 8 6.50 2.37 0.25 0.53 0.19 6.05 6.95 13.23 5.53 0.05 0.05 12a. Effect on system capacity
7 6 5 6 7 7 7 6 6 9 6.33 2.31 0.44 0.71 0.24 5.79 6.88 9.90 3.37 0.05 0.05 7a. Menu Text for contr
clearances
7 6 7 5 6 7 5 6 6 9 6.11 2.31 0.54 0.78 0.26 5.51 6.71 8.10 2.52 0.05 0.05 9a. Altitude Assignment
6 6 7 7 6 7 5 6 4 9 6.00 2.31 0.89 1.00 0.33 5.23 6.77 6.00 1.64 0.05 NA 12k. Effect on overall safety
7 5 7 7 6 7 6 7 3 9 6.11 2.31 1.65 1.36 0.45 5.06 7.16 4.64 1.44 0.05 NA 121. Effect on overall cont
workload
6 6 7 7 6 7 4 6 4 9 5.89 2.31 1.21 1.17 0.39 4.99 6.79 4.86 1.12 0.05 NA 7d. Free text for advisories
7 5 4 5 6 6 6 6 6 9 5.67 2.31 0.67 0.87 0.29 5.00 6.33 5.77 0.74 0.05 NA 1. Simulation realism
6 6 7 7 6 7 4 6 3 9 5.78 2.31 1.73 1.39 0.46 4.71 6.85 3.82 0.70 0.05 NA 12j. Effect on overall ef
(speed)
6 6 7 6 7 3 5 6 8 5.75 2.37 1.44 1.28 0.45 4.68 6.82 3.86 0.65 0.05 NA 7k. Equipage indicator
6 5 6 7 5 7 5 4 6 9 5.67 2.31 0.89 1.00 0.33 4.90 6.44 5.00 0.64 0.05 NA 12a. Effect on sector interpho
coordination
7 4 4 6 6 7 6 5 8 5.63 2.37 1.23 1.19 0.42 4.63 6.62
5 6 7 5 7 7 4 5 7 5.57 2.45 1.10 1.13 0.43 4.52 6.62 3.67 0.27 0.05 NA 7j- Send inhibit method
tested
240 5.45 1.96 2.09 1.45 0.09 5.27 5.65 15.55 0.00 0.05 NA GRAND MEAN
5 5 5 6 5 7 5 5 5 9 5.44 2.31 0.47 0.73 0.24 4.89 6.00 5.96 -0.04 0.05 NA 71. Response times fr pilot
tested
7 5 4 6 5 7 5 4 4 9 5.22 2.31 1.28 1.20 0.40 4.30 6.15 3.05 -0.58 0.05 NA 12d. Effect on R-D Controll
coord.
7 5 5 4 5 7 4 4 4 9 5.00 2.31 1.33 1.22 0.41 4.06 5.94 2.45 -1.11 0.05 NA 9d. Free text
6 6 4 5 5 4 4 7 5.00 2.45 0.86 1.00 0.38 4.08 5.92 2.65 -1.20 0.05 NA 12g. Effect on A/C conflic
(system errors)
7 4 3 4 5 7 5 1 6 9 4.67 2.31 3.33 1.94 0.65 3.17 6.16 1.03 -1.22 NA NA 12c. Effect on weather handling
4 4 6 4 5 6 3 6 6 9 4.89 2.31 1.21 1.17 0.39 3.99 5.79 2.29 -1.45 NA NA 7h. Using WILCO-10 second delet
1 3 2 5 5 6 7 6 2 9 4.22 2.31 4.40 2.22 0.74 2.51 5.93 0.30 -1.66 NA NA 79. Using WILCO-instant delete
5 4 4 4 6 4 6 7 4.71 2.45 0.78 0.95 0.36 3.83 5.59 1.99 -2.06 NA NA 12f. Effect on status board in
handling
5 2 5 5 7 2 4 3 8 4.13 2.37 2.61 1.73 0.61 2.68 5.57 0.20 -2.18 NA NA 7e. Using RCRD for free text
6 3 4 4 6 4 4 7 4.43 2.45 1.10 1.13 0.43 3.38 5.48 1.00 -2.39 NA NA 12h. Effect on flt.str
marking/hdlIng
1 3 4 1 4 7 1 4 2 9 3.67 3.21 4.44 2.24 0.75 1.95 5.39 -0.45 -2.40 NA -0.05 7c. Free text for contr
clearances
5 4 4 1 3 7 4 2 4 9 3.78 2.31 2.62 1.72 0.57 2.46 5.10 -0.39 -2.93 NA -0.05 7b. Menu text for advisories



TABLE C-1.

LINK M N

NOTES:
N

VEAN

t.05
VAR
Sdn-1
SE

RANGE . 05

RANGE . 05
|l eft colum

RANCE . 05
right colum

tcs, tgm

tcs
t gm

Scs, Sgm

ANALYSI S OF HUMAN FACTORS QUESTI ONNAI RE DATA FOR DATA
STUDY 2 CONDUCTED 9/ 25- 30/ 88 ( Cont i nued)

Nunber of controllers responding to the
guestionnaire item

The average itemrating across all the
respondi ng controllers. General neanings of
scal e val ues are: 1-VERY POOR, 4=FAl R

7=VERY GOOD.

Five percent significant t score levels with
degrees of freedom = N-1.

Variance of the controllers ratings about the
item s MEAN rating.

Corrected standard deviation conputed fromthe
vari ance.

Standard Error of the MEAN, expected
variability about the MEAN if the study was
repeated several tines under the sane
condi ti ons.

Fi ve percent confidence interval centered about
the MEAN within which, if the study was
repeated several tines, the new neans should
fall 95 percent of the tine.

Low limt of the range. Any lower value is
significantly bel ow t he MEAN

Hi gh end of the range. Any higher value is
significantly above the MEAN

Two-tailed Student’s t tests to determ ne
whet her the MEAN devi ates significantly from
(falls above or below) a criterion val ue.

t test is which the criterion value is Center
Scale (FAIR = 4.0).

t test is which the criterion value is the

Grand Mean over all itens.

Significance levels (p(0.05) for the itens’

t scores. 05 = “better than” the criterion
value, -.05 = “worse than” the criterion val ue,

NA - Not significantly different fromthe
criterion val ue.
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| ower than fair). Considering the nature of the questionnaire
itenms, this shows an overwhel m ng acceptance of the Data Link
concepts eval uat ed.

Rel ating the itemneans to the grand nean finds seven itens rated
significantly higher than the grand nean. These itens are listed
bel ow according to the magnitude of the tgm score. All itens
indicate a significantly good projected effect toward using Data
Link actions in thefield (first itemrated highest). They are:

Rank  No. | t em ( Par aphr ased)
1 12f Data Link effect on pilot-controller
conmmuni cati on
2 9c Menu text (projected performance if inplenented).
3 7f Usi ng PVD for nenu text.
4 9b Transfer of communi cation (projected performance
i f 1nplenmented).
5 12a Projected effect on system capacity if
i npl enent ed.
6 7a Usi ng menu text for control clearances.
7 9a Al titude assignnent (projected performance if
i npl enent ed) .

Two itens are rated significantly below the grand nean. However
they do not significantly differ from fair on the rating scale.
As listed below, the last is the | east rated:

Rank No. | tem ( Par aphr ased)
27 7C Free text for control clearances.
28 7b Menu text for advisories.

Rank ordering the t scores makes it possible to determ ne which
itenms are notable as far as degree of preference. As a rough
rule in table CG1, an item ranked 12 ranks from another itemis
significantly either |ower or higher than the other item

QUESTI ON BY QUESTI ON RESULTS

Question 1 asks for a rating of the sinulation realism The
resultant nean rating is significantly better than fair. Thus,
realismis judged good.

Question 2 shows suggested inprovenents for realism Five
suggestions are nmade. These are in the narrative comments section
at t ached.

C 4
Question 3 asks if the traffic sanples for the different runs
were fairly equal in nunber and type of control events. The

response is 8 yes and 0 no, indicating significant agreenent.



Question 4 asks for docunentation of system mal functions Three

are nmentioned. These are in the narrative comments section
att ached.

Question 5 asks for training suggestions. Three are |isted.
These are found in the narrative comments section. Conment s

indicate that training was adequat e.

Question 6 asks if the four services were used often enough to

give a fair evaluation. The answer was significantly yes for
each:
Yes No
1. Altitude assignnent 9 0
2. Transfer of communications 9 0
3. Menu text 9 0
4. Free text 8 1

Question 7 rates Data Link aspects regarding possible utilization
in the field. All were judged significantly good except the
foll ow ng which were judged fair.

Menu text for advisories

Free text for control clearances
Using RCRD for free text

Using WLCO - instant delete
Using WLCO - 10 second delete

It's significant to note that the antenna sweep delay for Data
Li nk was judged good enough for wutilization.

Question 8 asks which configuration was optinmum as tested. The
results were

Current system
Dat a Li nk, no text
Dat a Li nk, nenu and free text

O oo

C5
Question 9 rates how well each service as presently configured
woul d performat position. Results show that nmenu text, transfer
of conmmuni cati on, and al titude assi gnnent wer e j udged
significantly good. Free text was judged fair.

Question 10 asks what control events are best handled by free
t ext. The narrative answers are docunented in the coments
section. No majority for any one conment.



Question 11 asks what control events are best handled by nenu
t ext. The narrative answers are docunented in the comments
section. A mjority said crossing restrictions, altitude
assi gnnents, and speed control are pertinent.

Question 12 asks for the projected effect of using Data Link with
menu and free text at current position. All effects were judged
significantly good except the follow ng which were judged fair:
weat her handling, flight strip marking, and status board

informati on handling. Hi ghest rated was pilot/controller
communi cations. Good effects were predicted for system capacity,
safety, and efficiency and controller workload. Al so good

effects were predicted for system errors, sector coordination,
and keeping the picture.

Question 13 inquires about aural alarms and visual blinking. The
narrative answers are docunented in the comments section. No
maj ority answers were given.

Question 14 inquires about gaps in the Data Link system
Narrative in the coment section indicate no najority response.

Question 15 asks what was |iked best about Data Link. Narrative
answers in the comrents section indicate no majority response.

Question 16 asks what was |iked |east about Data Link. The
answers are in the narrative comments section. No majority
response.

Question 17 asks for suggestions on operational changes.
Narrative answers in the comment section show no majority of
response.

C6
Question 18 asked for projected future uses of Data Link. There
are many comments listed in the comment section. They are scored
according to rank. No nmpjority response.

SUMVARY OF RESULTS

The controllers reported that the Data Link Mni Study 2 had good
realism training was adequate, and mal functions m nimal. They
judged that they had sufficient use of the four Data Link
services to give a fair evaluation. They also judged that the
control tasks per run were equal in difficulty so no inbalance in
tasks affected conparison of the ATC systens eval uat ed.



O the three systens tested, the controllers unani nously favored
the Data Link system using nenu and free text over both the
current system and Data Link w thout text. This, despite the
fact that a random O- to 6-second antenna delay was built into
the Data Link response tinme. The response delay itself was found
good.

o the four services tested, menu text, transfer of
communi cations, and altitude assignnment were rated significantly
good. Free text was rated fair.

Menu text was found good for control clearances and fair for
advi sories. Free text was just the opposite. The PVD was judged
good for nenu text display, the RCRD fair for free text display.
Interestingly, there was no significance between rating the 10-
second WLCO and WLCO i nstant delete, which were both rated fair
for utilization. The equi page synbol and nmethod of send inhibit
(using manual node for transfer of conmmunication) were judged
good.

The projected effects of using the Data Link ATC systemw th nenu
and free text as tested were exceptionally good. Three of the 12
effects were rated fair, while 9 were rated significantly good,
i ncluding system capacity and overall safety, efficiency, and
controll er workload. Good effects were also projected for system
errors, R and D controller coordination, and sector interphone.

O the narrative answers in the comment section, the responses
anounted to a majority for only one question; best use for nenu
text. A majority desired menu text for crossing restrictions,

al titude assignnments, and speed control. No doubt nmenu text, as
C7

the single highest rated of the four tested Data Link services,

wll remain as a permanent feature of any future Data Link

desi gn.

Future investigations as a result of these analyses should be to
interpret why certain aspects elicited very diverse controller
judgments - fromvery good to very poor. These aspects listed in
table C | are:

Usi ng Data Link for weather handling
Using WLCO - instant delete

Using RCRD for free text

Usi ng menu text for advisories

Using free text for control nessages.

M N STUDY 2 CONTRCLLER COWMENTS BY QUESTI ON

Question 1. No Comments



Question 2. How can we enhance realisnf

Controll er No.

2 I ncrease traffic | oad.

3 Traffic will have to be increased not only to today’'s
| evel s, but increased to future levels to prove existence when
put into use.

5 Traffic vol ume increased.

6 More conplex traffic. Do not use the Dysim Lab.

7 By adding nore situations requiring nore controller
actions (for separation).

8 Regardless of this test, it helps visualize what Data
Link would be Iike in Ilive heavy traffic. Real i sm was
respectable and easy to project into real world possibilities.

9 More traffic, nore conplexity.

Question 3. Wre the traffic sanples for each run fairly equa
in nunber and type of control events: Yes No
C- 8

If not, please indicate which runs were easier or harder
because of differences in the traffic sanple, not contro
met hod used.

Controll er No.

7 Yes, but only in relation to each other.

9 High altitude sector needs nore traffic.

Question 4. Pl ease docunent any hardware or software
mal functions that working properly would have hel ped you make a
fairer evaluation

Controll er No.

1 Tenporary altitude key did not always respond the way it does
in the field.

2 None.

3 Need Dysimtracks on all targets to speed updates frompilot.



5 None.

7 | amnot aware of any.

8 One malfunction where an altitude assignnent remained on the
PVD list even when two additional altitude reassignnents wee
given to the sanme aircraft. Caused questions as to which
al titude was bei ng used.

Question 5. Looking back at training, are there any new ideas to
what training wuld have ai ded you?

Controll er No.

2 None.
3 No.
5 No training needed.
6 No.
C9
7 The training was adequate, however, | woul d suggest sooner and
nore enphasis on actual "hands-on" exposure.
9 Step by step process.

Question 6. Did you use the four services in this test often
enough to be able to give a fair evaluation?

Controll er No.

3 Free text will probably be used only with non-comm aircraft.

8 Projecting to real world traffic, all these functions have
good potential and have basics built in that can be eval uated
fairly.

Question 7. Please rate these Data Link aspects regarding
possibility of utilization in the field.

Controll er No.

8 Menu text for control is very plausible and PVD display is the
place for it. WLCO is also essential from a liability
st andpoi nt.

9 The equi page indication needs work.

Question 8. Not a narrative question.



Question 9. Pl ease rate how well each service as presently
configured would performat your position.

Controll er No.

8 Free text needs additional character space.

Question |0. What control events do you foresee would be best
handl ed by free text instead voice or nmenu text?

Controll er No.

2 Radar vectors.

3 Lost comm

C 10
6 No control functions - just
7 Unusual information, i.e., weather data, PIREPS, and perhaps
radar vectors.
8 SI GVETS, airport weather sequences - not control events.

Amended control events in event of a stuck m crophone or bl ocked
frequency.

9 No radio, event sensitive.

Question |1. Wat control events are repetitious enough to make
t hem best candi dates for nmenu text nessages?

Controll er No.

1 "Sector Specific" control acting, such as standard altitude
assi gnnents.

2 Speed control and crossing restrictions.

3 Altitude with crossing restrictions.

5 Frequency changes, altitude changes, clinbing and descendi ng
crossing restrictions, altimeter settings for en route |ow
altitude aircraft.

6 Altitude assignnents, with and wi thout crossing restrictions.

7 Al'titude crossing restrictions, common speed reductions,
i ssuance of altineter settings.



8 Crossing fix altitudes and standard low to high altitude clinb
cl earances (230). An occasional speed on sequencing sectors,
t 0o.

9 Crossing, speed, altitude.

Question 12. Using the four Data Link services tested, what
woul d be the projected effect of Data Link at your position on
the follow ng: System capacity, keeping the picture, weather
handling, RD controller and sector interphone coordination,
pilot-controller comunications, aircraft conflicts, flight strip
handl i ng, overall efficiency (speed), overall safety, overal
controll er workl oad?

C11
Control |l er No.

1 Speed and workload would be adversely affected until
controller proficiency is achieved wth new technol ogy.

6 Fair coments above = no change or no effect.

8 Keeping the picture can be nmuch i nproved by updating Data Link
in the data bl ock

Question 13. How were the attention alarns? Should anything be
made to blink or not blink? How about aural alarn?

Controll er No.

1 Consider using intensified characters instead of blinking.
2 Blinking data blocks for failed nmessages - no alarm

3 No blinking except possibly in list when clearance has not
been acknow edged.

6 Keep blinking anything to a mnimum No aural alarm
7 An aural alarmis a very good enhancenent.

8 Recommend no blinking - possibly highlighting (double
intensity) certain data block fields.

9 No aural alarm Blink??

Question 14. Using Data Link should leave no "gaps" in the
system Did you see any places where gaps in positive contro
could occur? Also give any ideas as how to prevent them

Controll er No.




2 No.
3 Only when cl earances are tinely.
6 Refinenments to the altitude assignnent needs to be nade.
C 12
8 Wen the data block control is given up, yet the aircraft is
on another frequency - possible m sconmuni cati on on Mode S

Question 15. \Wat about Data Link do you like best, and why?

Controll er No.

1 Reduce frequency congestion.
2 Transfer of conmmunication.
3 Ability to have two |ines of conmunication going out.

6 Controllers could handle nore aircraft. Cut down on frequency
easier to send.

7 The speed, which allows nental tinme for other tasks.

8 If for frequency changes alone it saves tine and allows
frequency tine to be utilized nore efficiently, whether through
more information transmtted during the sane tinme franme as
previ ously or whatever.

9 Increased capacity. Additional conm system

Question 16. Wat about Data Link do you like |east, and why?

Controll er No.

1 Less than i mediate confirnmation or control instructions. The
heavy reliance upon data entries. No vocal / personal interaction
with pilots.

2 The sense of sound is not used. The eyes take over what the
ears used to do - perhaps for every entry a conputer response in
the ear would do better than all the synbol ogy.

3 Too much attention taken away fromwatching traffic.

5 Transfer of data block or handoff carrying Data Link control
i nstead of when transfer of frequency is changed.



7 Having to scan so many different areas on the PVD - it is
difficult to maintain a nental picture.

C 13
8 PV list is too hard to keep up with under heavy traffic -
must have visual indication in the data bl ock.

9 Tinme delay. Satellite coverage nmay be better.

Question 17. \Wat operational changes would you like to see for:
Al titude Assignnent?

Controll er No.

2 Selective inputs (conputer only, pilot only, or both).

3 Reflected in data bl ock when input is nade.

7 Response | ocated in the data bl ock.

8 Data block display - also updated from the nenu text. | f
altitude is uplinked (240) have the altitude that is to change be
hi ghlighted (possibly brighter) until WLCOed then return to
normal intensity. Use this to hopefully elim nate/supplenment the
PVD status |list for Data Link. 1In case of fail - that would need
to be indicated in data bl ock.

InterimAltitude:

Controll er No.

2 Sane as above - selective inputs - conmputer only, pilot only,
or both.

3 No change.

7 Sane as above (response |located in the data bl ock).

8 Updated on data block fromthe nenu text. The other options
for sending to various sources (i.e., pilot only, NAS only,
both, etc.) is very good.

Transfer of Conmuni cati on:

Controll er No.

2 Elimnate ability of the receiving controller to uplink unless
transfer of conmunication has been acconpli shed.

C 14
3 I ndi cati on when aircraft’s on



7 None.

8 Data block displayed. Visual indication if the aircraft is on

frequency. I ndi cate frequency change by brightening data bl ock
field until WLCO This would elimnate PVD I|ist. Fail would
have to be indicated in data block also. Possi bly have the

affected portion of the data block remain normal intensity until
W LCO t hen be highlighted.

Possi bl y? If tinme-sharing of frequency change overloads that
particular portion of the data block with too nmuch information

then perhaps altitude can be indicated in the data block and
frequency can be indicated in your PVD list (not in the data
bl ock). (Prefer both in data bl ock, however.)

Menu Text:

Controll er No.

2 Increase to 30 characters.

3 No change.

7 None.

8 Updat e data bl ocks when entry is nade.
Use synbols to represent certain standard phraseol ogy.
Exanple: 230 = clinb and maintain FL230

240 descend and mai ntain FL240
250 mai nt ai n speed of 250.

Free Text:

Controll er No.

2 Unlimted characters.

3 No change.

7 None.

8 Longer format - nore avail able characters.

Question 18. \Wat future servfigizould you |ike to see Data Link
do? If nore than one, rank in inportance wwth 1 = highest.

Controll er No.

Rating 1




2 Transfer of Conmmunication.

3 Get nore information out of cockpit.
5 Gound speed downlinked controller.
6 Radar vectors.

7 Headi ng assignnments

8 Control instructions (Al).

9 Check-in calls.

Rating 2

2 Altitude changes.

3 Automatic control with conputer.

5 Headi ngs.

6 Speed control.

7 Miltiple speed assignnments (excluding free text).
8

S

SI GVETS, weat her sequences: previously stored that can be
ent.
(Al).
Rating 3

2 Menu text.
6 Conpl ete non-voi ce system
7 Reroute assignnents.

Rating 4
2 Free text.

6 100% fl eet Data Link equipped.
7 \Weat her dat a.
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DATA LINK M NI STUDY 2
COMMVENTS CATEGORI ZED
( Two- Conments M ni mum

Nunber of Controllers

Comrent i ng Comment s

7 Menu text is best for altitude assignnents.

7 Menu text is best for crossing restrictions.

6 Menu text is best for speed control.

4 Add nore aircraft to traffic sanple.

3 Make traffic sanple nore conpl ex.

3 Free text is best for |ost communications,
bl ocked frequency or no-commaircraft.

3 Free text is best for unusual information or
events.

3 Attention taken fromdata bl ock was | east |iked.

3 Reflect all actions in field data bl ock.

3 Recommend no blinking or m ni mum bl i nking.

3 No aural al arm

3 Li ked best is reduced frequency congestion.

3 Headi ngs are a good future service.

3 All instructions, conplete automation, is a
good future service.

2 Altinmeter for low altitude aircraft is
good for nenu text.

2 Free text is best for noncontrol functions.

C 16
2 Free text is best for PIREPS, SIQVETS,

weat her reports.

2 Free text needs additional characters.



Free text is best for radar vectors.

Least |iked was sl ow response.

Least |iked was | oss of voice contact.

Li ked best was another |ine of conmunication.

Li ked best was possibility for increased
capacity.

Consi der highlighting versus blinking
characters.

Bl i nk data bl ocks for failed nessages
or unacknow edged cl ear ances.

Possi bl e change is sel ectable inputs
- conputer only, pilot only, or both.

Wuld i ke visual indication when aircraft
is on frequency.

Possi bl e future use - speed control.
Possi bl e future use - weat her.

Possi bl e future use - downlink cockpit
i nformation.

Possi bl e Future Uses

Rank Scor e

1 = 4 points
2 = 3 points
3 = 2 points
4 = 1 point
C 17
Nunber of Controllers
Respondi ng Comrent s Score
3 Headi ngs 11
3 Al'l Instructions 9
2 Downl i nk Cockpit Information 8
2 Speed Control 6
2 Weat her 4
1 Check in Calls 4
1 Transfer of Communi cations 4



RPRRR

Al titude Changes
Menu Text

Free Text

100% Equi page
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APPENDI X D

DATA LI NK CONTROLLER PROCEDURES






En ROUTE RADAR CONTROLLER DATA LINK CHART

PURPOSE | oA Kkey | CATKey | FUNC key | Field Gontent | Comments
DATALINK . '
Service Active Mode pLC DATALINK 10rON/0Oor OFF  On will appear on PVD.
SETTING Off deletes the Datalink set-up
indicators from PVD.
Operational Mode DLC DATALINK AorM A = Automatic / M = Manual
SETTING A or M will appear on PVD.
ist Displ ATALINK P=PVD/C =R-CRD/
Status List Display DLC lS)EI'TING PorCorN N = No Display Device
’ P or C or N will appear on PVD.
SERVICE
Allitude Confirmati
(Automatic Mode)
Assigned Altitude ASGD ALT (Qz/QT) ddd AID Uplink occurs upon acceptance
of message. Offset Dir/Leader
Length QZ, Start Track or Coast
Track QT.
Interim Altitude INTERIM ALT (QQ) ddd AlD or Uplink occurs upon acceptance
Rddd AID of message.
*Allilude Confirmall
(Manual Mode)
*Assigned Altitude ASGD ALT (Q ddd AID Message placed in "HELD" status
signed Alliiude (@zam upon acceptance. Offset
Dir/Leader Length QZ, Start Track
o or Coast Track QT.
*Interim Altitude INTERIM ALT (QQ) ddd AlDor Message placed in "HELD*
Rddd AID status upon acceptance.

*Requires Manual Uplink (See Status List)
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2
PURPOSE Q/A KEY CAT Key FUNC Key Field Content Comments
*Transfer of
Communications
Accept Handoff (QzZ/QN) AID Accept Handoff causes message
to be placed in HELD status.
The initiating controller can send,
resend or delete this message.
Menu Text Uplink
Build Menu Text
Message DLC MENUBUILD d LLL d is reference number(0-9) for
o menu entry. LLL(up to 20 char.)
Send Menu Text
Message DLC d AID or The ALL option sends message
dALL or to all FLID under the sector
d..dAlDor control. d is reference number
d..dALL (0-9) for menu entry.
Delete M Text
Massags oLe MENUBUILD d d is reference number (0-9)
for menu entry.
Reposition List PVD TT8B
Erea Text Uplink pLC T LLL AID or LLL(up to 20 characters).

T LLL ALL The ALL option sends message
to all AIDs under the sector
control.

*Requires manual uplink (See Status List)
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3
PURPOSE Q/A KEY CAT Key FUNC Key | Field Content . Comments
EMSAW Message sent automatically
Automatic Uplink by system.
*Manual Uplink Message placed in HELD status
automatically by system.
Status List
Send Manual TB MSG o
Uplink pLC AD (Service Type)  Service type optional (AC, TC,
MT, FT, EM)
A TBMSG or
Resend Message DLC AID (Service Type) _ Service type optional (AC, TC,
MT, FT, EM
Delete Message D T8 MSG
Reposition List PVD LT8
Muti-Trackball
Single-Trackball DLC DATALINK T8 MSG KB = Keyboard device.
Use MLT TB(F2) ENTER (KB)
Multi-Trackball DLC DATALINK TB MSG Up to 4 messages can be
Use MLT TB(F2) ENTER (KB) trackballed.
*Requires manual uplink (See Status List)
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* FieldName Earmat Camments FieldName  Fommat Comments
AD (02) La (a)(a}{a)a)ta) Trackball (65) T8
dda, dodd; ServicaType  AC, TG, MT,FT Al Confirmation,
trackbal ident EM Transfer of Comm,
Meru Taxt Uplink,
Aszainned ddd Free Texi Uplink,
Alt {08) EMSAW.
List Display LT Status, Monu Text | Text T Up o 20
1
Ident (61) FLID L afa)ial{a)(a)ia)
Intarim ddd or Rddd Data Link Symibol appears
Altitischa or T Equipage ] in data block nest
indicator 1o FLID,
=
Examples

T8 Point = Designated area 10 Trackball,
FLID = Alrcraft idertification or Call Sign {up to 7 characlars).
Sarvice Type = A particular data link service (AC=ANL Confirmation,
TC=Tranater of Comm, MT=Manu Teod Uplink,
FT=Freoe Text , EM=EMSAW).
Data Area = An area that the AT instructiona/command sent to
pilol {up to 6 charecters).
Status Indicator = Cument status of message (SNT=SENT, DLV=DELIVERED,
WIL=WILCO, HLD=HELD, NAK=No Acknowlegmeant,
UMA=UMNABLE, TiM=TIMEOUT).
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